Delta6-fatty acid desaturase from an arachidonic acid-producing Mortierella fungus. Gene cloning and its heterologous expression in a fungus, Aspergillus.
A DNA fragment was cloned from the fungal strain, Mortierella alpina 1S-4 (which is used industrially to produce arachidonic acid), after PCR amplification with oligonucleotide primers designed based on the sequence information for delta6-desaturase genes (from borage and Caenorhabditis elegans), which are involved in the desaturation of linoleic acid (delta9, delta12-18:2) to gamma-linolenic acid (delta6, delta9, delta12-18:3). This fragment was used as a probe to isolate a cDNA clone with an open reading frame encoding 457 amino acids from a M. calpina 1S-4 library. The predicted amino-acid sequence showed similarity to those of the above delta6-desaturases, and contained a cytochrome b5-like domain at the N-terminus, being different from the yeast delta9-desaturase which has the corresponding domain at the C-terminus. The full-length cDNA clone was expressed under the control of the amyB promoter in a filamentous fungus, Aspergillus oryzae, resulting in the accumulation of gamma-linolenic acid (which was not detected in the control Aspergillus) to the level of 25.2% of the total fatty acids. These findings revealed that the recombinant product has delta6-desaturase activity. The Mortierella delta6-desaturase is the first to be reported in fungi.